This program, in use at the Los Angeles Children's Hospital, brings together information previously scattered through the literature under such topics as temperature regulation, newborn management, acid-base balance, and respirator care. It standardizes the approach to these infants and clarifies the following points: 1. Evaluation of the clinical status and estimation of the prognosis with respect to required treatment. 2. Blood sampling. 3 . Interpretation of laboratory results. 4. Use of alkalinizing agents for acidbase correction. 5 . Use of oxygen, endotracheal tubes and respirators. qp idiopathic respiratory distress syn-A HE idiopathic respiratory distress syndrome (RDS, hyaline membrane disease) presents challenging management problems to even the most experienced pediatrician.
These infants need better and more specialized care than that necessary for the routine nursery. An intensive care unit is the best setting in which to carry out such a program.
Staif Requirements
Proper implementation of the protocol presented here requires astute and interested nurses thoroughly trained in the care oi sick infants, including hmiliariqy With oxygen therapy, external temperature regulation, respirator operation and infant resuscitation. They should also have some knowledge, experience and insight of the pathogenesis, natural history, therapy and differential diagnosis oi respiratory distress in the newborn.
.Mortality Figures.
All newborn infants, admitted to the Los Angeles Children's Hospital have been referred from other hospitals. Often rate'is to. an increased interest '~~ the care of these infants, to a standardized approach and to a properly staffed and equipped facility, rather than to any new advances in technic.
Initiating Treatment
Once the diagnosis of the respiratory distress syndrome is cc~n~armec~ by history, physical examination and x-ray, the infant's status is estimated carefully with Silverman's criteria ~_ ~ ~F'igo i~: We advise that all such infants be met immediately on arrival by a house officer and accompanied by him to the x-ray department on the way to the ward. If he feels that the condition is so serious as to call for immediate therapy, the infant is rushed to the ward, and a portable 61m is taken later through the top of the isolette. or , a,, '~:~~a~~~~~p~-&ad~~~ejp~ plastic ra the-.~~ ~ ~~ ter is, placed securely into 'one of the umbilical :/''-;~'~..~'~:~~ ~Q~M'i~~efue~~ te<~;atc,;&dquo;:'cleansc7'/ the cord .'..'~a nd place a purse-string suture around the base to control any hemorrhage. Then cut the umbilical cord with scissors or a scalpel approximately I cm. from the abdominal wall. An assistant should grasp opposite sides of the cord with forceps and apply traction away from the abdominal wall. Enter the lumen of the artery with closed iris forceps (without teeth) and then gently release them. The artery will dilate ~uf~, ciently to permit insertion of the catheter prefilled with a 50 ur~itsjz~l. heparin solution or isotonic saline.
Grasping the wall of the artery with the forceps, insert the catheter farther with a gentle twisting movement while the assistant continues to apply traction to the cord. Rotation of the cord straightens the natural tortuosity of the artery and assists in passing any obstruction. Postmortem examinations (JLa~ Angeles Children's Hospital) show that insertion of the tube to 7 c~a. places the tip of the catheter in the iliac artery of most infants ~rei~l~.zd~ ~,~434 Gm. or less. 3E'z~allv, secure the catheter with a pursestring suture around the vessel.
After widadr~w~I of any blood samples, fill centration 25 per cent above that which just clears cyanosis results in a level which is probably safe.&dquo; Grunting, a valuable clinical observation, is also evidence of hypoxia; 2~ when present, it generally indicates a nontoxic Pao: level regardless of the oxygen concentration in the inspired mixture.
Pure or 100 per cent 0< at high now frequently is necessary to overcome hypoxia. Systemic oxygen toxicity must be avoided by individualizing the oxygen concentration for each infant. Particular attention must be paid to the less severely affected infant and to the severely ill infant who is improving. Paco, does not correlate well with the degree of hypoxia; the latter may be severe before there is a significant rise in the PaC02' Reliance on this study alone is fraught with danger. 3 . Intubation and airway care: Assisted ventilation requires intubation with the largest diameter Porte-xg nasotracheal tube which will pass through the nose. This is usually No. 12 or No. 14 French and 8 to 10 cm. in length. For infants 1,500 to 2,500 Gm., this length will place the distal tip of the tube half way between the carina and the vocal cords.~8 Lubricate the tube with 1 per cent hydrocortisone cream. Suction initially after two minutes of 100 per cent oxygen. Use a catheter which is 2 can. longer than the nasotracheal tube. The frequency of suctioning depends, of course, on the amount of secretion. If possible, avoid more than hourly saactioning since the procedure evacuates the high oxygen atmosphere from the lungs.
Chest percussion and turning of the patient prior to and during motioning may help loosen secretions. Auscultation aids in proper positioning of the endotracheal tube; it also may detect mucus plugs. Change the nasotracheal tube whenever it cannot be cleared adequately by suctioning, Obtain ~cri~l -cha~st ~ ra~s, if atelectasis or pnarua~c~d.aa~~~, ~,re suspected; equipment for insertion of a chest tube should, be available.
With respirator therapy, it is extremely important to humidify and warm the Os since the normal nasal humidifying mechanism is by-g~ssed. ~~ ult~c~ra~c ~~:bu~izira~ equipment, is used, the rate must be monitored; there is a risk of'.water intoxication from absorption of excessive water through the lungs. 4 limited by the pressures which can be used safely to deliver the required total volume.'~~5 . Respirator adjustments: Pressure regulated respirators (erg., Bird@) are satisfactory for shortterm care.~~ The respiratory rate may be predetermined by setting the machine, or the rate may be determined by the infant's ability to trigger the machine. With the J-circuit of the newer Bird@ respirators, the infant may trigger the machine with as little as 0.5 cm. H20 negative pressure.
The initial positive pressure needed to aerate an infant may range from 10 to 35 cm. H20.
Begin with a low pressure (10 to 15 cm. H.0) and slowly increase to lower the Paco2 or increase the Pao.. The pressure should be increased by 5 to 10 cm. H20' at hourly intervals for a few seconds to stimulate deep breathing and prevent atelectasis. ' The infant cannot trigger a volume-regulated respirators. If oxygenation is adequate, the infant adjusts to a rate of 24 to 28/min. Settings for these machines in infants vary greatly with a minute volume between 2 to 6 liters/min. and pressures from 20 to 70 cm. H20, depending on the size of the baby and the degree of obstruction. The physician should be aware that these high pressures and volumes are not delivered to the patient. Rather, they are measurements of line pressure and volume in the respirator; there is a large pressure drop across the small diameter nasotracheal tube.
Even with the best respirator care, often only partial correction of the infant's imbalances may be achieved. Optimum results require constant observation of the infant and adjustment of the respirator. This group of infants accounts for the great majority of mortalities, and improperly handled respirator care will speed their demise. 6 . Termination of respirator therapy: Clinical status is the best guide for removing the child from the respirator. Termination of assisted respiration should not be attempted until the infant achieves normal Pace:, Paoi and pH in room air (or 40 per cent O~ if the Bird@ respirator is used with standard equipment at normal respirator pressure-usually less than 40 cm. H~(~). Removal from the respirator also should be preceded by a period of weaning in which the 02 concentration is gradually decreased over a period of hours or even days.
FY §3 i~u~h research with hyperbarie oxygen chambers fails to show beneficial results in RDS babies.
Recent work with extraccsrpc~real artificial lungs or oxygenation seems promising. It is becoming more apparent that O2 alone can produce serious respiratory , disease when used for long periods at high ea~neentration. 15 t We have had most success for prolonged ventilation with the Engstrom~ respirator.
Re-evaluate the infant's status each time the concentration is changed. Off the respirator, the infant should be maintained in a humidified atmosphere with up to 40 per cent 02; the concentration of the latter depends upon the concentration at which respirator therapy was stopped.
There is no good guide for terminating therapy, if there is no improvement on the respirator. Even among the most severely affected infants, there usually is suf~cient improvement to justify continuing assisted ventilation as long as possible. There is no definite cut off point. In these cases there is a gradual deterioration despite maximal ventilation and 100 per cent 02; the infants usually expire from anoxia and acidosis. The decision to stop respiratory therapy rarely has to be made. An occasional unfortunate infant will not tolerate weaning from the respirator, although he does well when adequately ventilated. This is probably a result of interstitial fibrosis secondary to the basic disease process as well as the oxygen therapy itseli,15, is Such infants eventually require tracheostomy and chronic respirator care. Weaning may then be possible when they are considerably more mature. Discussion of the care of these infants is beyond the seope af this paper. 7 . Extubation: Once off the respirator, the child may be extubated when spontaneous respirations and other clinical and laboratory variables are stable and normal. Four milligrams of dexamethasone given prior to extubation may decrease laryngeal edema.
IV. Miscellaneous Medications
A. Antibiotic~: One study finds respiratory distress to be the most commonly associated finding in septicemia. 20 Although their selection is still controversial, the following antibiotics are widely recommended in the high risk group and whenever there is evidence of sepsis: I .Penicillin-50,000 units/Kg./24 hours, given intravenously at six hour intervals; We always attempt to correct the acid-base status toward normal, but there is insufficient evidence as yet to prove that this alone has a significant effect on mortality.'-8> 22 Dosages of base calculated from arterial or venous pH values are: 7 * 1.5% N&HCO,==0.9 mEq./ml. and 0.3M THAM@ =0.3 mEq./ml.; thus one ml. 7.5% NaHCO3 = 3 ml. 0.3M THA3i&copy; in milliequivalent amounts.
An alternative metlxod 23 employs one of the following formulas:
These formulas provide the amount of base required to replace half the extracellular deficit over a three to six hour period. The doses obtained by the table and formulas may not be exactly the same; these are estimates and not absolute values.
When acidosis is severe, it may be desirable to give part of the calculated dosage by intravenous the effectiveness and side effects of rapid infusion are still in dispute, and this should be done with caution.
A blood pIM or Astrup deterzainafon should be repeated within three hours after the admission studies, and sooner if acidosis is severe or if clinically indicated. Oxygen or respirator therapy should not be varied for at least 15 minutes before taking the blood sample to allow the baby time to reach a steady acid-base state. If, after each dose of base is administered, improvement is insuffi-cient, as judged by clinical and laboratory parameters, alkalinizing therapy must be altered as previously described. Once therapy is discontinued, studies should be repeated at least daily until complete clinical and chemical recovery is obvious. VI. Recovery By 72 hours, infants with RDS usually show either definite improvement or marked deterioration. When the infant's condition remains stable for 12 to 24 hours in terms of acid-base and clinical status, and if maturity permits, small feedings of clear fluids may be started orally. Otherwise, gavage feedings should be instituted and intravenous fluids discontinued when the baby is otherwise progressing satisfactorily.
VII. Final Comments
This protocol must be looked upon as a guide, to be adjusted according to the physician's experience and each infant's particular condition.
If we can save more of these infants by attention to the nuances of their clinical status and care and with judicious use of the few tools available for correcting their metabolic and respiratory disturbances, this will have served its purpose.
